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SUMMARY 
The Lewis-APL M u l t i v a r i a b l e  C o n t r o l  (MVC) p rogram has  demons t r a t ed  tha t  
MVC d e s i g n  t e c h n i q u e s  are a p p l i c a b l e  t o  e n g i n e  c o n t r o l  a l g o r i t h m  d e s i g n .  MVC 
h a s  a l s o  b e e n  a p p l i e d  t o  o t h e r  a i r c r a f t  s y s t e m s ,  f l i g h t  c o n t r o l  a n d  f u n c t i o n s ,  
and  energy  management.   The  next  major  step i s  t o  c o n s i d e r  t h e  g l o b a l  p r o b l e m  - 
m u l t i v a r i a b l e   d e s i g n  of t h e   e n t i r e   a i r p l a n e   c o n t r o l   s y s t e m .  An i n t e r m e d i a t e  
s t e p  i n  t h a t  d i r e c t i o n  i s  t o  d e s i g n  a con t ro l  fo r  an  in l e t - eng ine -augmen to r  
system by u s i n g  MVC t e c h n i q u e s .  Two v a l u a b l e  o p p o r t u n i t i e s  t o  do t h i s  a n d  t o  
e x e r c i s e  t h e  r e s u l t s  e x p e r i m e n t a l l y  a r e  a v a i l a b l e  i n  t h e  n e a r  f u t u r e .  
The  Supersonic   Cruise   Research (SCR) l a rge - sca l e - in l e t  r e sea rch  p rogram 
w i l l  p r o v i d e  a n  i n t e r e s t i n g  o p p o r t u n i t y  t o  d e v e l o p ,  i n t e g r a t e ,  a n d  w i n d  t u n n e l  
test a c o n t r o l  f o r  a mixed-compress ion  in le t  and  var iab le-cyc le  engine  (VCE). 
The In t eg ra t ed  P ropu l s ion  Ai r f r ame  Con t ro l  (IPAC) program w i l l  i n t r o d u c e  t h e  
problem of implementing MVC w i t h i n  a d i s t r i b u t e d  p r o c e s s i n g  a v i o n i c s  a r c h i t e c -  
t u r e ,  r e q u i r i n g  real-time decomposition of t h e  global des ign  in to  independen t  
modules   in   response   to   hardware-communica t ion   fa i lures .  A s  IPAC progresses   be-  
yond m u l t i v a r i a b l e  d e s i g n  o f  t h e  p r o p u l s i o n  s y s t e m ,  i t  w i l l  p r o v i d e  a real- 
wor ld   envi ronment   in   which   to   address   more   bas ic   ques t ions :   Should  w e  a t t e m p t  
g l o b a l   c o n t r o l   d e s i g n ?  Is i t  p r a c t i c a l   o r   d e s i r a b l e ?  What i s  t h e   r e q u i r e d  
methodology? 
DISCUSSION 
The Lewis-APL MVC p rogram,  f igu re  1, demonst ra ted  tha t  for  an  advanced  en-  
g i n e ,  P&WA F 1 0 0 ,  m u l t i v a r i a b l e  c o n t r o l  t e c h n i q u e s  c a n  b e  u s e d  v i g o r o u s l y  t o  d e -  
s ign   an   eng ine   con t ro l   sys t em.  The q u a l i t y  o f  t h e  r e s u l t i n g  s y s t e m  was demon- 
s t r a t e d  by i t s  test i n  t h e  a l t i t u d e  c e l l  a t  L e w i s .  Program  documentation 
p r o v i d e s  a b a s i s  f o r  u n d e r t a k i n g  more  complex  mul t iva r i ab le  des ign  too l s .  
C u r r e n t  a i r p l a n e  c o n t r o l  s y s t e m s  are d e s i g n e d ,  f i g u r e  2 ,  w i t h  a minimum of 
i n t e r a c t i o n  a n d  i n t e g r a t i o n ,  p a r t i a l l y  b e c a u s e  o f  a h i s t o r i c a l  l a c k  of communi- 
c a t i o n s  a b i l i t y  a n d  p a r t i a l l y  b e c a u s e  o f  a c o n c e r n  o v e r  f a i l u r e  p r o p a g a t i o n  
th rough   i n t eg ra t ed   subsys t ems .   Lack   o f   i n t eg ra t ion   pena l i zes   t he   des ign   o f  
a i r p l a n e s  w i t h  s t r o n g  a e r o d y n a m i c - p r o p u l s i o n  c o u p l i n g  - SST and V/STOL, f o r  ex- 
ample. New technology  and   research   programs,   f igure  3 ,  p r o v i d e   t h e   o p p o r t u n i t y  
t o  d e s i g n  a h i g h l y  i n t e g r a t e d  a i r p l a n e  c o n t r o l  s y s t e m .  I d e a l l y ,  t h i s  new 
"global"  system w i l . 1  have  f ewer  ac tua t ion  and  senso r  componen t s  and  supe r io r  
p e r f o r m a n c e   a n d   f a u l t   o l e r a n c e .  
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S u b s t a n t i a l  e f f o r t  is r e q u i r e d  t o  r e d u c e  t h e  g l o b a l  d e s i g n  c o n c e p t  t o  
p r a c t i c e .   B e c a u s e   t h e   d e s i g n   p r o c e s s  i s  conf igu ra t ion   dependen t ,  a s p e c i f i c  
a i r p l a n e  m u s t  b e  a d d r e s s e d .  To e n s u r e  t h a t  t h e  d e s i g n  a n d  t h e  t e s t i n g  of t h e  
d e s i g n  t r u l y  d e m o n s t r a t e  r e d u c t i o n  t o  p r a c t i c e ,  t h e  s e l e c t e d  a i r p l a n e  o r  p r o -  
p u l s i o n  s y s t e m  s h o u l d  b e  r e a l i z a b l e  a n d  e v e n t u a l l y  b e  t e s t e d  i n  t h e  w i n d  t u n -  
n e l  o r  p r e f e r a b l y  i n  f l i g h t .  Two planned NASA programs, IPAC a n d  t h e  SCR 
i n l e t  c o n t r o l  p r o g r a m ,  p r o v i d e  a p p r o p r i a t e  o p p o r t u n i t i e s  t o  a d d r e s s  t h e  real- 
wor ld  p rob lems ,  f i gu re  4 ,  of  g loba l  des ign .  
The NASA L e w i s  SCR in l e t  con t ro l  p rog ram encompasses  the  des ign ,  deve lop -  
ment ,  and  tes t ing  of  a s u p e r s o n i c  p r o p u l s i o n  s y s t e m  t h a t  i n c o r p o r a t e s  a mixed- 
compress ion   i n l e t   and  a va r i ab le -cyc le   eng ine .   The   sys t em  in t e rac t ions  among 
the  components  and  wi th  the  envi ronment ,  f igure  5 ,  are c o m p l e x ;  t h e  t y p i c a l  
p r o p u l s i o n  c o n t r o l  s y s t e m  w i l l  h a v e  s i x  o r  more a c t u a t e d  v a r i a b l e s  a n d  10 o r  
more   s ensed   va r i ab le s .   Thus ,   t he   sys t em  r ep resen t s   an   appropr i a t e   example  on 
which t o  e x e r c i s e  m u l t i v a r i a b l e  c o n t r o l  t e c h n o l o g y .  The  program  schedule ,   f ig-  
u r e  6 ,  c u r r e n t l y  ca l l s  f o r  a r e l a t ive ly  long  des ign  and  deve lopmen t  cyc le  
l e a d i n g  t o  c losed- loop  wind t u n n e l  t e s t i n g  i n  1 9 8 3  a n d  a f l i g h t  i n l e t  d e s i g n  i n  
1985. 
The NASA DFRC IPAC program,  f igure  7 ,  is i n t e n d e d  t o  d e m o n s t r a t e  t h e  
methodology and  benef i t  of i n t e g r a t e d  f l i g h t  a n d  p r o p u l s i o n  c o n t r o l s  o n  a high- 
p e r f o r m a n c e   a i r c r a f t   h a v i n g   v a r i a b l e - g e o m e t r y   e x t e r n a l   c o m p r e s s i o n   i n l e t s .  I t  
i s  a m u l t i f a c e t e d  p r o g r a m  t h a t  p r o v i d e s  t h e  o p p o r t u n i t y  t o  tes t  m u l t i v a r i a b l e  
con t ro l  a lgo r i thms ,  advanced  eng ine  con t ro l  ha rdware  (FADEC), and  da ta  bus  in-  
t e g r a t i o n  of a v i o n i c s  a n d  c o n t r o l  s y s t e m s .  
The e l emen t s  o f  t he  IPAC s y s t e m ,  f i g u r e  8 ,  communicate v i a  a MIL 1553 da ta  
b u s  t h a t  p r o v i d e s  o r d e r s  of  magni tude  grea te r  communica t ion  poten t ia l  than  ever  
b e f o r e   a v a i l a b l e .   C o n t r o l   s y s t e m   s o f t w a r e  w i l l  b e  s t r u c t u r e d  t o  p e r m i t  r a p i d  
s y s t e m  a d a p t i o n  i n  o r d e r  t o  t a k e  a d v a n t a g e  o f  c o n t r o l  s y s t e m  c o n c e p t s  i d e n t i -  
f i e d  d u r i n g  f l i g h t  t e s t i n g  a n d  t o  i m p l e m e n t  new r e s e a r c h  t a s k s  a s  t h e y  a r e  
i d e n t i f i e d .  
M u l t i v a r i a b l e  c o n t r o l  t e c h n o l o g y  h a s  b e e n  a p p l i e d  t o  many a s p e c t s  o f  t h e  
f l i g h t   c o n t r o l   p r o b l e m ,   u s u a l l y  as o n e   d e s i g n   t o o l  among many, f i g u r e   9 .  Typ- 
i c a l l y ,  t h e  e n g i n e  r e s p o n s e  h a s  b e e n  h i g h l y  s i m p l i f i e d  o r  n e g l e c t e d  c o m p l e t e l y .  
This  approach  i s  a c c e p t a b l e  f o r  a c o n v e n t i o n a l  a i r p l a n e ,  f i g u r e  10,  i n  w h i c h  
e a c h  c o n t r o l  a f f e c t s  o n e  p r i n c i p a l  a x i s  a n d  c o u p l i n g  i s  de l ibe ra t e ly  min imized .  
I n  a d v a n c e d  a i r c r a f t ,  f i g u r e  11, f r e q u e n t l y  t h i s  i s  n o t  e c o n o m i c a l l y  p r a c t i c a l  
a n d  t h e  a c t i v e  c o n t r o l  s y s t e m  m u s t  p r o v i d e  t h e  s o l u t i o n .  I n  b o t h  r e s e a r c h  a n d  
p rac t i ce   l imi t ed   so lu t ions   have   been   p rov ided .   Each  starts f r o m   a n   e x i s t i n g  
l i m i t e d  b a s e  a n d  f a i l s  t o  i n c o r p o r a t e  a l l  t h e  a v a i l a b l e  t e c h n o l o g i e s  i n t o  a 
top-down design  methodology.  The IPCS p rogram,   f i gu re  1 2 ,  d e m o n s t r a t e d   f u l l -  
a u t h o r i t y  d i g i t a l  p r o p u l s i o n  s y s t e m  c o n t r o l  b u t  o n l y  d e m o n s t r a t e d  i n  a v e r y  
l i m i t e d  way t h e  p o t e n t i a l  f o r  d i r e c t  e l e c t r o n i c  i n t e g r a t i o n  of t h e  a u t o p i l o t  
and   eng ine   con t ro l .   The   con junc t ion  of m u l t i v a r i a b l e   c o n t r o l   a l g o r i t h m   d e v e l -  
opment  wi th  the  rea l i t i es  of ha rdware  imp lemen ta t ion ,  f i gu re  13 ,  mus t  a l so  be  
c o n s i d e r e d   i f  a s u c c e s s f u l  f a u l t - t o l e r a n t  d e s i g n  is t o  b e  c r e a t e d .  The t y p i c a l  
advanced  con t ro l  w i l l  probably have only 30 percent  of  i ts f u n c t i o n s  d i r e c t l y  
a s s o c i a t e d   w i t h   c o n t r o l .  The remainder w i l l  b e  r e l a t e d   t o   c o m m u n i c a t i o n ,   f a u l t  
to le rance ,  main tenance  (BIT) ,  and  propuls ion  sys tem condi t ion  moni tor ing .  
7 2  
I f  t h e  b e n e f i t s  of m u l t i v a r i a b l e  c o n t r o l  r e s e a r c h  are t o  b e  a c h i e v e d  a n d  
demons t r a t ed ,  an  in t eg ra t ed  cohes ive  r e sea rch  p rogram,  f igu re  1 4 ,  supported by 
NASA a n d  t h e  DOD a g e n c i e s  is an  absolu te  must .  The  problem of  g loba l  des ign  
canno t  be  success fu l ly  approached  on  a p i ecemea l  bas i s .  
T h e  p r o b l e m s  a s s o c i a t e d  w i t h  g l o b a l  c o n t r o l  d e s i g n ,  f i g u r e  15, are b o t h  
t e c h n i c a l  a n d  m a n a g e r i a l .  T h e  t e c h n i c a l  areas are g e n e r a l l y  r e s o l v a b l e  i f  s u f -  
f i c i e n t  t i m e  a n d  e f f o r t  are appl ied.   The  major   managerial   problem is  t h a t  t h e  
real r eward  o f  i n t eg ra t ion  does  no t  l i e  in  s imple  per formance  inprovement ,  
a n o t h e r  5000 f e e t  of a l t i t u d e ,   f o r   e x a m p l e .  It l ies  i n  r e l i a b i l i t y ,  m a i n t a i n a -  
b i l i t y ,  p i l o t  workload  and s k i l l  level,  and  o the r  t h ings  wh ich  are r e l a t i v e l y  
i n t a n g i b l e .  Thus a con t ro l   eng inee r   conce rned   w i th   i np rov ing   t he   p roduc t   f r e -  
q u e n t l y  f i n d s  i t  d i f f i c u l t  t o  o b t a i n  t h e  n e c e s s a r y  r e s o u r c e s .  O r g a n i z a t i o n a l  
b a r r i e r s  a l s o  p r e s e n t  a real  b u t  s o l v a b l e  p r o b l e m  t o  g l o b a l  c o n t r o l  s y s t e m  
d e s i g n .  
A major  payof f  f rom mul t iva r i ab le  con t ro l  des ign  i s  t h e  e l e g a n c e  o f  t h e  
r e s u l t i n g   d e s i g n ,   f i g u r e  16. The s t r u c t u r e  i s  clear a n d ,   t o  a degree ,  common 
f rom  des ign   t o   des ign .  Component requi rements  are c l e a r l y   d e v e l o p e d  as p a r t   o f  
t he  des ign  p rocess ,  and  s t anda rd ized  a rch i t ec tu ra l  e l emen t s  sho l l ld  l ead  to  
s tandard  hardware  and  sof tware  modules ,  thus  reducing  des ign  cos t  and  enhancing  
r e l i a b i l i t y .  
CONCLUSIONS 
The  groundwork,  f igure 1 7 ,  f o r  g l o b a l  c o n t r o l  d e s i g n  i s  provided  by a 
p r i o r   r e s e a r c h   p r o g r a m .   T h e   n e e d   f o r  i t  e x i s t s  t h r o u g h  t h e  e f f o r t s  o f  ad- 
vanced   a i r f r ame   and   eng ine   cyc le   des igne r s .  A research   program i s  r e q u i r e d  t o  
c a r r y  o u t  t h e  d e s i g n  o f  t h e  g l o b a l  c o n t r o l  f o r  a complex engine-airplane sys- 
t e m  a n d  t o  f l i g h t  test t h e  r e s u l t i n g  s y s t e m  i n  o r d e r  t o  c l e a r l y  d e m o n s t r a t e  t h e  
u t i l i t y  of t h e  e x i s t i n g  t e c h n o l o g i e s  i n  a d d r e s s i n g  t h e  p r o b l e m  of i n t e g r a t e d  
c o n t r o l  s y s t e m  d e s i g n .  
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